. 52.4% of the patients had post-mastectomy radiotherapy. Radiotherapy showed different effects in each stage group after 20 years. Whereas there was an OS trend for radiotherapy to harm patients with stage I disease (hazard ratio (HR) 1.45; 95% confidence interval (CI) 0.98-2.15; p = 0.065), radiotherapy showed no benefit in patients with stage II disease (HR 0.82; 95% CI 0.62-1.1; p = 0.15). There was a significant survival benefit for patients with stage III disease receiving radiotherapy (HR 0.60; 95% CI 0.41-0.88; p = 0.008). Conclusion: Post-mastectomy radio therapy is associated with longer OS in male patients with stage III breast cancer. Male breast cancer patients at stages I and II do not seem to benefit from radiotherapy, but obsolete irradiation techniques might explain adverse long-term effects in earlier stages.
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Introduction
Male breast cancer is a rare disease with a prevalence of 1:100,000 in the European population, comprising less than 1% of all documented breast cancer cases [1] . However, the overall incidence of male breast cancer has been rising continuously, climbing by 26% over the past 25 years [2] . Advanced age predisposes for male breast cancer, but it has been reported in male patients of all ages (5-93 years) [3] . While its etiology remains unclear, hormone levels, testicular abnormalities, congenital inguinal hernia, orchiectomy, orchitis, and infertility have been discussed as risk factors [4, 5] . Since it is a potentially fatal disease, there is a definite need to establish well-defined therapeutic regimens. Due to its rarity, however, it is very difficult to conduct prospective randomized trials, hence an analysis of the data of national cancer registries provides an opportunity to gain insight into the disease course for male breast cancer. Therefore, treatment concepts rely on data of female breast cancer [2, 6, 7] , but their applicability in men remains unclear. For many decades, local therapy of male breast cancer has consisted of mastectomy with axillary lymph node dissection. Evidence for the longterm efficacy of post-mastectomy radiotherapy (RT) for male patients is scarce and is mostly extrapolated from studies on female breast cancer [8] [9] [10] [11] . Post-mastectomy RT in female breast cancer patients, applied to the chest wall, significantly decreases the likelihood of local tumor recurrence and improves the overall survival (OS) rates only in high-risk patients [12] . While it has been shown that adjuvant RT reduces tumor recurrence rates for male breast cancer as well, no comparable benefit concerning the OS rates has been observed as of yet [10] . Hence, there is insufficient evidence to consider individualized post-mastectomy RT in men, and its recommendation as a routine standard procedure is still under discussion [13, 14] . The present study focused on the analysis of all documented male breast cancer cases diagnosed between 1970 and 1989, followed up until the year 2007 and documented in the population-based tumor registry of former East Germany. The aim of our study was to determine the influence of post-mastectomy RT on the 10-and 20-year OS rate of this large study population. Since patients did not received any systemic therapy, our analysis provides unique evidence for the impact of adjuvant RT alone.
Patients and Methods

Study Population
For all cases, patient and disease data on male breast cancer were obtained from the national cancer registry of former East Germany. This database was established in 1953 and documented around 1.8 million cases of patients with various malignant and benign tumors until the year 1990, when East Germany had a total population of 17 million people. It is one of the largest population-based tumor registries worldwide [15] . Documented patient data included information about diagnosis, date of diagnosis, patient's age at diagnosis, tumor stage (denoted as I-IV), type of the administered therapy, and, if available, the date of death. The database neither included the 'TNM Classification of Malignant Tumours' (TNM: tumor, nodes, metastasis), nor information on co-morbidities.
For analysis, we used data on all 924 male patients with primary breast cancer diagnosed between the years 1970 and 1989. For tumor staging, the UICC criteria were used (//old.uicc.org/index). Stages were defined as follows (1978): Stage I: T1, N0 and N1a (non-palpable or palpable but non-suspect axillary lymph nodes); Stage II: T0-1 and N1b or T2 N0-1; Stage III: T3-4, all N, or all T and N2-3; Stage IV: all T or all N and M1. Exclusion criteria were unknown stage of disease, stage IV cancer, adjuvant chemotherapy recipients, or hormonal therapy recipients. The resulting population size comprised 664 eligible cases for analysis. All of these patients had been subjected to radical mastectomy and axillary lymph node dissection. Post-surgical RT was performed according to the respective standard daily practice. Megavoltage irradiation with Cobalt 60 without modern planning devices was the predominant method used during that time. Radiation of regional lymph nodes was undertaken in the case of positive axillary lymph nodes.
Follow-up data were collected until 2007 for the last patient. OS was the primary endpoint, defined as the time between date of registration and date of death or date of last patient data entry in the tumor registry. We calculated the 10-and 20-year OS rates. In order to minimize a possible influence of advanced age and comorbidities on the effect of postsurgical RT and OS, we performed a separate analysis on a subgroup of 487 patients aged < 75 years at the time of diagnosis.
Statistical Analysis
All statistical calculations were performed using the software package PASW Statistics 18.0 (SPSS, Chicago, IL, USA). The 10-and 20-year OS rates were calculated using the Kaplan-Meier method, and comparisons between the patient groups were made using two-sided log-rank tests. Statistical relationships between the OS and RT with respect to baseline factors were evaluated with χ 2 -and Fisher's exact tests. Univariate and multivariate Cox proportional hazard regression analysis including age, stage, and year of diagnosis was performed to adjust treatment effects for potential biases.
Results
Patient Characteristics
The mean patient age of the total study population was 65.5 years (range 20-95 years), and the median follow-up time interval was 314 months (standard deviation (SD) ± 71.5 months, range 299-461 months). Table 1 presents the distribution of the study population: 52.4% (348/664) of patients had received adjuvant RT during therapy. Most patients had stage II disease (n = 288, 43.4%). Concerning age, stage I patients were equally distributed in the 2 groups -surgery alone versus surgery plus RT. Patients were older in advanced tumor stages II and III in the surgery alone group than in the surgery plus RT group (stage II patients 68.6 vs. 63.4 years; p = 0.001, stage III: 72.8 vs. 64.3 years; p < 0.001, respectively).
To exclude potential bias of fatal co-morbidities more prevalent in elderly patients, a subgroup analysis of patients < 75 years was performed (table 1) . 487 patients (73%) were younger than 75 years with a mean age of 60.3 years and a mean follow-up interval of 302 months (SD ± 69.7 months, range 229-461 months). 57.3% of these patients (279/487) had Eggemann/Ignatov/Stabenow/ von Minckwitz/Röhl/Hass/Costa been treated with RT. In this subgroup the distribution of tumor stage was similar to the whole population, with most patients having stage II disease (n = 206, 42.3%). Differences in age distribution were found only in patients with stage III breast cancer (66.9 vs. 60.1 years; p < 0.001).
Overall Survival
Univariate analysis revealed that young age, more recent year of diagnosis, and early tumor stage were the strongest predictors for increased OS rates, whereas RT had no discernible effect. No significant difference between the survival rates (p = 0.482) was seen for the overall population ( fig. 1 A) . However, subgroup analyses for tumor stage revealed a positive correlation of RT with OS (table 2) . This result was statistically significant for patients with stage III breast cancer (p < 0.001), with 10-year survival rates of 26.4% for patients with RT versus 11.9% without RT ( fig. 1 D) . The 20-year survival rates were higher in patients receiving RT (18.4%) as compared to patients without RT (6.8%). For patients with stage II breast cancer, a similar trend was observed, without reaching the level of statistical significance (10-year OS: p = 0.102, 20-year OS: p = 0.127; fig. 1 C) . Interestingly, in patients with stage I breast cancers surgery alone led to higher 10-year (48.6 vs. 42.4%) and 20-year (35.5 vs. 22.8%) OS rates as compared to surgery plus RT, although this difference was not statistically significant (p = 0.515; fig. 1 B) . Again, these findings were confirmed by the Kaplan-Meier estimates of OS. The results obtained from Cox regression analyses are summarized in table 3. Tumor stage, age, and year of diagnosis were significant predictors of OS after 10 and 20 years of follow-up. A significant survival benefit was seen in patients treated with RT after 10 years of follow-up (p = 0.031, hazard ratio (HR) = 0.804, 95% confidence interval (CI) = 0.659-0.980). This trend was also seen after 20 years of follow-up but did not reach statistical significance (p = 0.078). Stage III patients treated with post-mastectomy RT had a significant 40-42% benefit in comparison to patients without RT after 10 years (p = 0.007, HR = 0.580, 95% CI = 0.391-0.860) and 20 years (p = 0.008, HR = 0.599, 95% CI = 0.409-0.877), respectively. In the subgroup of patients < 75 years of age, RT had a significant impact on the OS rates only in patients with stage III cancer ( fig. 2 D, table 2) . The 10-year OS rate was Eggemann/Ignatov/Stabenow/ von Minckwitz/Röhl/Hass/Costa 11.8% without RT, increasing to 31.3% for patients with RT (p < 0.001). This difference was even more pronounced after 20 years, with only 2.9% of the patients surviving without RT and 22.4% survivors with RT (p < 0.001). Again, the reverse trend was seen in stage I breast cancer patients: 58.5% of the patients without RT survived for 10 years, but only 50.0% of the patients were alive after having received RT ( fig. 2 B) . 
Discussion
To our knowledge, this is the largest retrospective study on male breast cancer patients focusing on the role of adjuvant RT with a median follow-up of 26.2 years (314 ± 71.5 months SD). We analyzed 664 participants in the former East Germany population-based cancer registry with stage I-III breast cancer. Since the frequency of co-morbidity that may influence the clinical decision regarding adjuvant RT increases with age, younger patients were more likely to receive adjuvant RT as compared to older men. In order to minimize a possible influence of advanced age and comorbidities on the effect of post-surgical RT and OS, we performed a separate analysis on a subgroup of 487 patients < 75 years old at time of diagnosis. Patients were diagnosed and treated between 1970 and 1989 and received no systemic adjuvant therapy. Therefore, an assumed beneficial effect of systemic treatment does not interfere with OS, providing the possibility to assess the role of RT alone in male breast cancer.
The present analysis reveals different benefits for RT depending on tumor stage. A significant benefit for RT could be demonstrated only in patients with stage III breast cancer with 16.8% survivors in the RT group versus only 8.6% in patients without RT after 20 years of follow-up. RT after surgery was an independent positive predictor for survival rates in these patients. Patients with stage II breast cancer also seemed to benefit from RT, but this effect was statistically not significant. In contrast, RT in patients with stage I breast cancer seemed to decrease OS after 20 years of followup in the total population. This difference was age-dependent and reached significance if patients younger than 75 years were analyzed separately. Our results are in accordance with the data from large prospective studies on female patients [16, 17] . Studies on men with breast cancer are limited due to the small number of patients worldwide and the retrospective approach [18] . Most of the published material predominantly focuses on the effect of RT on relapse-free survival rates as opposed to OS rates, and these studies reveal contradictory results [8] . There are only a few studies investigating the question whether there is an influence of RT on OS [18] . Based on our observations, we can conclude that male patients with 
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stage III cancer had a clear benefit from post-mastectomy RT, comparable to the published results for female patients [14] .
The increased mortality of patients with stage I breast cancer might be due to toxic effects of RT such as cardiotoxicity, pulmonary toxicity, secondary pulmonary and/or esophageal cancers, and could have been limited to the specific type of RT carried out 30 years ago and earlier (i.e. megavoltage irradiation using Cobalt-60 γ-radiation) [19] [20] [21] . The facts that the benefit of RT in the whole population was limited to the first 10 years of follow-up, and some of the RT-associated toxicity occurs late, may explain why the beneficial RT effect disappears after a longer follow-up time. We have to assume that at the time of the primary diagnosis the calibration of radiation dosages was less precise than today. These facts may explain the poor performance of RT in early-stage tumors for our patient cohort [19] .
The biggest limitation of the present study is its retrospective character, together with the fact that data about tumor location, TNM tumor classifications, and co-morbidities were missing. Despite these points, this study represents the largest study performed on male breast cancer patients focusing exclusively on adjuvant RT and OS. Additionally, the observation time of 314 months is the longest documented as of yet.
Based on the present data, the benefit of post-mastectomy RT in the early stage of male breast cancer, especially stage I, should be questioned. Our data shows that RT has a detrimental effect on stage I male breast cancer patients, while confirming the significant benefit for male patients with stage III breast cancer. In stage II male breast cancer, there may be patients who do not benefit from postoperative RT, but further analyses including modern RT techniques are needed to elucidate this therapeutic indication.
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